Uma nova série de derivados 1,2,3,-triazólicos foi sintetizada a partir de ftalimidas e alcinos terminais na presença de quantidade catalítica de CuI. O presente protocolo forneceu 1,2,3-triazóis em moderados a bons rendimentos (44-89%).
Introduction
The synthesis of small molecules libraries for biological screening has gained impetus in the scientific community. Among the different functional moieties employed for this purpose, one commonly used is the nitrogen-containing heterocyclic compounds, which exhibit diverse biological and pharmacological activities. Compounds containing such an aza-heterocycle were described as trypanocidal agents, 1 glycogen phosphorylase inhibitors, 2 antitumor, 3 antiviral, 4 antimicrobial agents, 5 antimycobacterial, 6 among others. 7 In particular, two widely known classes have been subject of investigation by our research group, namely the benzoheterocyclic compounds and the triazoles. 8 These compounds have received much attention from medicinal chemists, who search for a heterocyclic scaffold of drugs in pharmacology, so that many efforts have been made in the optimization of their preparation methods. [8] [9] [10] [11] Such compounds are versatile molecules and their range of applications is steadily increasing including, among others, the areas of carbohydrates, materials sciences and nanosciences. [12] [13] [14] Still in this context and without loss of structural simplicity, we have been attracted by the idea of designing compounds built from different heterocyclic blocks, seeking for an enhanced biological activity. In this work, we performed the synthesis of novel compounds based on 1,2,3-triazoles-linked benzoheterocycles. In order to reach this goal, we employed the 1,3-dipolar cycloaddition reaction (1, between an azide function and a terminal alkyne via a cross-linking process to afford the corresponding 1,2,3-triazoles, using a copper(I)-based catalyst, specifically CuI. It is worth to note that, in most cases explored in this work, there was no need of any additional base in the reaction medium as well as of any ligands for the catalytic system. 15, 16 The selected benzoheterocyclic alkynes are S-propargyl derivatives of benzimidazole-2-thiol (1a), benzothiazole-2-thiol (1b) and benzoxazole-2-thiol (1c), N-propargyl derivatives of benzimidazole (1d) and phthalimide (1e). N-(3-Azidopropyl-and 4-azidobutyl) phthalimides (2a,b) were chosen as the phthalimide block. Furthermore, we have used a retrosynthetic strategy to obtain the desired products BTP (benzoheterocycle-1,2,3-triazolephthalimide), as shown in Figure 1 .
To our knowledge, these three-block conjugations were not yet reported in the literature, which is surprising, in view of the potential ready availability and the growing impact of the triazole chemistry on organic synthesis.
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Results and Discussion
The starting materials (1a-e) were prepared via nucleophilic substitution between propargyl bromide (BrCH 2 C≡CH) and the benzoheterocyclic compounds in the presence of K 2 CO 3 . This protocol afforded the corresponding terminal alkynes (1a-e) in 44-83% yields. Vol. 22, No. 3, 2011 The IR spectra of these compounds showed typical bands at 2112-2121 cm -1 , corresponding to C≡C, and at 3176-3273 cm -1 to C≡C-H stretching related to the alkyne. The starting N-(azido-alkyl)phthalimide (2a) and (2b) were prepared from N-(bromoalkyl)phthalimides by reaction with NaN 3 in DMF at 60 o C during 24 h. This procedure afforded the azido-compounds (2a,b) as white solids which were used without any purification.
In order to perform the cycloaddition reaction towards three-heterocyclic blocks sequence BTP, we used the most common cycloaddition protocol between N-(4-azidobutyl)-phthalimide (2b) and the acetylene (1d) using Cu(OAc) 2 as Cu(II) source and sodium ascorbate in media of tert-BuOH:H 2 O 50% at room temperature. 10 However, this methodology has provided low yields (ca. 23%).
Looking at this result, we turned to the following modified protocol. The copper-catalyzed condensation of 2-propargylsulfanylbenzothiazole (1b, 1.5 mol equiv.) with azide (2b, 1 mol equiv.) in CH 2 Cl 2 at 30 o C afforded 1,2,3-triazole (4b) in 84% yield after column chromatography ( Table 1 , entry 8). Encouraged by this positive result, we have focused our effort on the synthesis of new derivatives of 1-[N-phthalimidoalkyl]-4-heteroaryl-1H-1,2,3-triazoles (3) and (4) using this protocol (Scheme 1 and Table 1 ).
Reaction of azidoalkylphthalimides (2a or 2b) with benzoheterocycles (1a-e) provides easy conversion to the corresponding 1,2,3-triazoles (3) and (4) in 44-89% yield after column chromatography or recrystallization (Table 1 ). To our knowledge, such a cross-linking reaction between alkyne and azide groups, using CuI as catalyst in dichloromethane and in the absence of base, has not been performed yet. In only one case, the addition of a base, namely Et 3 N, was necessary to reduce the reaction time (Table 1, entry 11).
In order to test the applicability of the method (CuI/CH 2 Cl 2 /rt) to a different substrate rather than the benzoheterocyclic moiety, a different kind of functionality was investigated. In this respect, we examined the condensation reaction between N-3-azido-propyl (2a) or N-4-azidobutylphthalimide (2b) and the ethynyl ketone (1f), and checked the ready formation of 1,2,3-triazoles (3f) and (4f) in excellent yields 92% and 91%, respectively (Table 1 , entries 6 and 12). These results are in agreement with the literature, which can be justified by the fact that α-carbonyl-alkynes are highly reactive. 16 In summary, we have developed a convenient route, with easy work up, for the synthesis of a new class of 1,2,3-triazole derivatives (3) and (4) in moderate to good yields (44-92%). This new tris-heterocyclic sequence (benzoheterocycles-triazole-phthalimide, BTP) represents a set of potentially interesting compounds for biological activity screening and we believe that applications for them will be soon found in organic and medicinal chemistry. 
Scheme 1. Synthesis of the compounds 1,2,3-triazoles (3a-f) and (4a-f).
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Experimental
All commercially available reagents were used as received. All organic solvents used for the synthesis were of analytical grade. Column chromatography was performed on Merck silica gel 60 (70-230 mesh). All reactions were monitored by TLC analysis contained GF 254 . IR spectra were recorded on a IFS66 Bruker spectrophotometer using KBr discs. C NMR spectra were obtained on Varian unity plus-300, 400 and 500 spectrometer using tetramethylsilane as internal reference. Elemental analyses were carried out on a EA1110 CHNS-O analyzer. High resolution mass spectra HRMS were recorded on a Shimadzu Liquid Chrom MS LCMS-IT-TOF using acetonitrile or methanol as solvent. Air-and moisturesensitive reactions were performed under inert atmosphere of argon. Melting points were determined on a PFM II BioSan apparatus and are uncorrected.
Typical procedure for the synthesis of 1,4-disubstituted 1,2,3-triazoles
In a round-bottom flask, the azide-compound (2a) (100 mg, 0.43 mmol, 1 equiv. of azide function) was charged with the terminal alkyne (1a) (113 mg, 0.60 mmol, 1.4 equiv.), the solvent (5 mL of DCM) and the copper catalyst based on either CuI 10 mol% (12 mg, 0.063 mmol each according to the alkyne-compound). The reaction was performed by stirring at room temperature under argon atmosphere, during 18-28 h. The resulting mixture was washed with NH 4 OH and then extracted with dichloromethane. The combined organic layers were dried with over anhydrous sodium sulfate and then the solvent was removed in vacuum. Purification of the crude material by column chromatography using hexane-EtOAc (8:2) as eluent or recrystallization in CH 2 Cl 2 /hexane mixture afforded the title compound (3a). Phthalimidomethyl)-1-(3-phthalimidopropyl)-1,2,3 
4-(Benzothiazol-2-ylsulfanyl)methyl-1-(3-phthalimidopropyl)-1,2,3-triazole (3b)
4-(Benzoxazol-2-ylsulfanyl)methyl-1-(3-phthalimidopropyl)-1,2,3-triazole (3c)
Yield
4-(N-
4-Acetyl-1-(3-phthalimidopropyl)-1,2,3-triazole (3f)
Yield 
4-(Benzimidazol-2-ylsulfanyl)methyl-1-(4-phthalimidobutyl)-1,2,3-triazole (4a)
Yield 86%; mp 100-102 o C; R f = 0.6 (Hexane-EtOAc, 7:3); IR n max /cm 
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